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Literature Review
Dexterity, or the speed of coordinated movement, has long been considered an important aspect of hand fu nction Davis (955) presented the ability to deploy the fingers with dexterity as a component of hand function and listed precision and fine coordination as elements for its evaluation. Professionals generally agree that there are different types of dexterity (Stallings, 1982) As early as 1949, Super differentiated between gross and fine dexterity, stating that tests for arm and hand coordination reqUire gross movement, whereas fine assembly work involVing the wrist and fingers requires fine dexterity. More recently, Fleishman and Ellison (962) and Fleishman (972) identified 11 bases of skilled performance, one of which was fine dexterity, which was differentiated from manual dexterity.
Fine dexterity is defined in the present study as interdigital manipulative skill, or the fine manipulative movements of objects held between the thumb and fingers (Super, 1949 (Psychological Corporation, 1959) , for example, consist almost entirely of activities in which the hand is used as a unit, with objects being picked up, moved, and placed. The movements involved are performed as much by the arm and wrist as by the fingers, whose main function is to grasp the objects in question. Most of these activities could be performed by a person whose hand consists of a thumb and anyone finger or who wears a prosthetic terminal device. The Pennsylvania Bi-Manual Work Sample (American Guidance Service, 1949) differs from the tests mentioned above in that it reqUires the use of two hands. It tests too many variables at one time, however, to allow the therapist to isolate problems in any of the areas tested.
The lack of instruments available for the measurement of interdigital manipulation implies a gap not only in the occupational therapist's ability to quantify and deal precisely with patients' problems in this area but also in the profession's knowledge base regarding hand function. A new instrument, the Rosenbusch Test of Finger Dexterity, can help to fill in these gaps by providing the occupational therapist with a means for measuring interdigital manipulative skills in adults and by providing normative data regarding this type of dexterity. This instrument could be used for both research and clinical endeavors and could aid in the planning and evaluation of treatment for those patients with impaired fine dexterity. Doris F. Rosenbusch, MA, OTR, the Los Angelesbased occupational therapist who developed the test, used it in her clinical practice to assess patients' problems with hand function involVing fine dexterity. Because this instrument allows the therapist to assess each hand indiVidually, it can be used both for patients who have only one hand and for those whose disability involves only one hand. Rosenbusch did not develop a protocol for this test, however, nor did she assess its reliability and validity. As of this writing, the Rosenbusch test has not yet been published, but its author may do so in the future.
The purpose of this study was to establish preliminary normative data for and to assess the reliability and validity of the Rosenbusch Test of Finger Dexterity, on the basis of speed of interdigital manipulative skill, or the fine manipulative movements of objects held between the thumb and fingers of each hand separately.
Method

Subjects
A convenience sample consisting primarily of students as well as faculty members, administrators, and clerical workers was drawn from the University of Southern California in Los Angeles and from Pierce College, also in Los Angeles. These subjects-32 men and 32 women between the ages of 20 and 60 yearsreported that they had no history of injury or disease severe enough to affect their current hand function.
Ten subjects-3 men and 7 women aged 20 to 60 years with disabilities affecting mainly fine dexterity of the hands-were also tested. Their disabilities resulted from head trauma, cerebrovascular aCCident, diabetic neuropathy, arthritis, multiple sclerosis, Charcot-Marie-Tooth disease, cerebral palsy, or peripheral nerve injury. Three of the subjects each had one normal hand and one impaired hand; the other 7 had both hands impaired. For the purposes of this study, each impaired hand was treated as a discrete unit, thus totaling 17 impaired hands. The normal hands of these subjects were not included in the data analysis.
Ten occupational therapy students at the University of Southern California constituted the sample for the test of interrater reliability. Their scores were not included in the other aspects of the data analysis.
Instrumentation
The Rosenbusch Test of Finger Dexterity involves the holding of six objects in the tested hand and the rolling out of the objects from the tips of the thumb and index and long fingers into six depressions in the testing board (see Figure 1 ) This manipulation is measured for four subtests, which involve the use of marbles; jacks; wooden cubes; and flat, round stones (from the Japanese game of Go), respectively. (For the protocol and a description of the testing equipment, see Stein, 1984.) Because of the intent to determine whether the test instrument discriminates between persons with normal hand function and those with hand dysfunction involving dexterity, subjects from both categories were chosen.
3/4" X !HI'2" X 11-1/2" SC~LE 3/8": 1'-0" Administration Each subject was told and shown how to perform the manipulation and placement of objects and was given one trial on the first subtest before his or her performance was recorded. Testing proceeded from one subtest to another without a rest between tests.
Scoring
Time. A stopwatch was used to measure the time in seconds required to place the six objects in the correct indentations with the correct finger movements. Substitutions for correct movement were noted, and the score was weighted accordingly. Only one object could be placed in each indentation. If more than one object was placed in an indentation, the subject was required to pick up the second object and continue. If the object was dropped, the subject was allowed to pick it up and continue for a maximum of 2 min per subtest. If the subject was unable to complete the subtest, the maximum score of 2 min was assigned for that subtesr.
Accuracy. The scores were weighted for accuracy. If the subject completed a subtest with the correct finger movements and no substitutions, the score of that subtest (i.e., the number of seconds taken to complete the subtest) was multiplied by 1. If the subject showed some substitution patterns but most of the movements were correct, the score was multiplied by 2. If there was much substitution (i.e., the movements were mainly substitution patterns, with little or no accuracy of movement), the score was multiplied by 3.
Two subject errors should be noted. Inaccuracy of movement occurs when the object is rolled out of the hand in a way other than that which was described (e.g., between the thumb and side of the index finger in the lateral pinch position). Inaccuracy of placement occurs when the object is placed somewhere other than in the appropriate indentation (e.g., if the object falls off the board)
Data Gathering and Ana~ysis
The means and standard deviations were calculated for the scores of the follOWing groups: men with normal hand function, women with normal hand function, dominant hand, nondominant hand, and dysfunctional hand. Significant differences by sex, dominant versus nondominant hand, and normal versus dysfunctional hand were determined with t tests. Weighted and unweighted scores were analyzed separately, and the scores of subjects with normal hand function and subjects with hand disabilities were compared on all variables.
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Results
The results of a two-sample t test (unweighted scores) with alpha set at .05 revealed no statistically significant difference between the performance of men and women for combined hands on the subtests and total test score. For this reason, we combined the men's and women's scores when further analyZing the performance of subjects with normal hand function.
The results of a series of two-sample t tests (unweighted scores) revealed a significant difference between normal dominant and normal nondominant hands on the first subtest (marbles) only (t = -2.29, P = .03) Subtests 2 (cubes), 3 (jacks), and 4 (Go stones) revealed no significant difference. In addition, Pearson product-moment correlations revealed that the performances of dominant and nondominant hands were highly correlated (1' = .88, P = .0001).
Reliability
Internal consistency. Internal consistency was assessed through a calculation of coefficient alpha (Mehrens & Lehmann, 1978) . Each of the four subtests was considered to be analogous to item scores on a traditional test. The coefficient alpha estimates were .87 for nondominant normal hands, .93 for dominant normal hands, and .96 for dysfunctional hands.
Stability. Stability estimates were obtained on a group of 13 subjects with normal hand function, with a 4-day interval between the two testings. For the dominant hands on each of the four subtests, the correlations ranged from .79 to .93. Scores for the nondominant hands ranged from .73 to .88; for combined hands, .68 to .84. When the scores of all the subtests were summed to arrive at a total score, the stability correlation was l' = .93. The lower figures for the individual subtests are probably due to the small number of trials (six per sUbtest).
Interrater reliability. Ten subjects with normal hand function were given the test once, and their scores were recorded simultaneously and independently by twO examiners. We then compared these scores (combined hands, weighted) using the Pearson product-moment correlation. An acceptable correlation was considered to be .85 or better (Benson & Clark, 1982) . The interrater reliability coefficients ranged from .97 to .99, substantially higher than the acceptable correlation of .85.
Validity
Content validity. Content validity was estimated by a panel of experts-three occupational therapists specializing in hand function and two physicians specializing in physiatry. The experts were shown the Rosenbusch test and asked if they believed that it measured fine dexterity, as defined previously. There was 100% agreement that the test does in fact measure fine dexterity.
Construct validity. We assessed construct validity with the discriminant-groups method (Mehrens & Lehmann, 1978) by using the t test to determine whether this test discriminates between persons with normal hand function and those with hand dysfunction involving dexterity. Before making this comparison, however, we had to define and understand the characteristics of normal function. Because no information could be found in the rehabilitation literature relating to the normal range of speed of interdigital manipulation, we needed to establish some preliminary normative data. These data could then be compared with the data from the subjects with impaired hand function. Tables 1 and 2 show the descriptive data on the speed of interdigital manipulation of the dominant and nondominant hands of the subjects with normal hand function. The mean rate of speed for performance on each subtest was about 6 sec (the mean of each of the four subtests ranged from 5.77 sec to 6.97 sec).
The scores of the group with hand dysfunction were handled in two ways. First, descriptive data were calculated for the unweighted scores (time in seconds required to complete each subtest). The average time required for each subtest ranged from 31 sec to 43 sec as compared with 6 sec for normal hands. The descriptive statistics were then calculated for the scores, which were weighted for accuracy; the weighted scores for the subtests ranged from 89 sec to 136 sec. Finally, the scores of the dysfunctional hands were compared with the scores of the normal nondominant hands. We thought that the use of dominant hands compared with dysfunctional hands might artificially inflate any existing differences between the groups. Nondominam hands were therefore chosen to provide a more conservative estimate of group differences. Because there were 17 dysfunctional hands in the study, 17 normal nondominant hands were cho- sen randomly by computer for comparison. Using t tests, we compared the normal nondominant scores with both the dysfunctional unweighted scores (see Table 3 ) and the functional weighted scores (see Table 4 ). The Welch t test (Mehrens & Lehmann, 1978 ) was used with separate variance estimates to account for the lack of homogeneity in the variances of the sample of normal nondominant hands and dysfunctional hands The degrees of freedom were adjusted to account for the separate variance estimates.
The results of these analyses revealed a statistically significant difference (p ranged from .007 to .003 for unweighted scores and from .003 to .001 for weighted scores) between the performance of the nondominant hands for the subjects with normal hand function and the subjects with a loss or diminution of fine dexterity. This was true for both the weighted and unweighted scores, " Scores were weighted for accuracy through multiplication of seeonds by ],2, or 3, depending on accuracy of movement and substitutions made. "The Welch t test (Mehrens & Lehmann, 1978) was used (With separate variance estimates) to account for the lack of homogeneity in the variances of the two samples. Degrees of freedom were adjusted to account for the separate variance estimates. Alpha was set at .05 against a two-sided alternative.
Discussion
Our findings demonstrate that the Rosenbusch Test of Finger Dexterity is a reliable and valid instrument for the evaluation of the speed of interdigital manipulation, or fine dexterity.
Reliability
The types of reliability assessed were internal consistency, stability, and interrater reliability. Desirable coefficients for internal consistency (ex ranged from .90 to 95) and interrater reliability (r ranged from 97 to .99) were found. The desired goal for stability of 85 or better was not achieved for the individual subtests (r ranged from .68 to .88 with a median of .78) For the summed scores of all subtests, however, r = .93, which indicates that a larger number of trials would produce a higher stability coefficient. The lower stability correlations for the subtests were probably due to the small number of trials. Ghiselli (1949) , gives spuriously high estimates of reliability on this type of test. Stability estimates were not given for these two tests.
For a test to be used with confidence, the desired correlation for reliability coeffiCients should be .60 or above for stability and .80 or above for internal consistency (Benson & Clark, 1982) . According to Mehrens anel Lehmann (1978) , standardized tests that therapists use in making decisions involving the treatment of individuals should have reliability coefficients of at least .85 For decisions concerning groups or research, however, a reliability coefficient of about 65 may be acceptable.
For the Rosenbusch test, the internal consistency range of .87 to .96 is more than adequate for the therapist to use in making decisions about both individuals and groups, as is the interrater reliability range of 97 to 99 The stability range of .68 to .93 indicates that the therapist can use the instrument with confidence in research or group decisions but should not use it when making decisions about individuals until a higher stability coefficient can be obtained. The stability correlation coefficient could also indicate that the trait is not completely stable over time due to a learning effect or other unknown factors, or that the number of trials in each subtest should be increased.
Validity
Content validity of the Rosenbusch test appears to be strong, as shown by <In expert panel's 100% agreement that this instrument does in fact measure fine dexterity.
Construct validity was assessed with the discriminant-groups method; the t test result showed that the instrument discriminates between persons with normal hand function and those with dysfunction involving fine dexterity (p < .007). This was true of both the unweighted scores and the scores that were weighted for accuracy.
In terms of validity, the Suggestions for future research include concurrent validity studies and factor analytic studies to further delineate the specific aspects of dexterity that the Rosenbusch test measures.
Study Limitations
The speed of interdigital manipulation may be unstable over time due to a learning effect or other un known factors. Additionally, the subjects in the present study were not chosen randomly. Perhaps college students (the majority of the subjects in this study) have better-than-average dexterity. The subjects all lived in the Los Angeles metropolitan area; the data gathered might not be generalizable to those living in other geographical areas Interrater reliability was assessed with a nondisabled popu lation. The interrater reliability for subjects with disabilities involVing fine dexterity would possibly not be as high, especially considering the weighting factors used. Multiple t tests were used with an alpha acceptance level of .05, hence an increased risk of Type I error. Finally, the sample was small, which increases the likelihood of sampling error and decreases the power of the statistical tools.
Summary
The findings of this study demonstrate that the Rosen busch Test of Finger Dexterity is a reliable and valid instrument that is ready to be used experimentally. Internal consistency and interrater reliability at the levels desired have been demonstrated. Stability coefficients must be higher, however, if therapists are to use the test in making decisions about patients' treatment, but would probably increase if a larger number of items were included in each subtest. The instrument seems to sample a content universe of fine dexterity, or interuigital manipulation. Content validity appears to be strong, as shown by 100% agreement among a panel of experts that the test does measure fine dexterity. Construct validity, assessed by the discriminant-groups method, showed that the instrument does discriminate between persons with normal hand function and those with disabilities involVing 504 fine dexterity. In both reliability and validity coefficients, the Rosenbusch test compares favorably with commercial tests used by occupational therapists to assess adult hand function. A
